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Introduction
Welcome to the special issue of IET Communications on device-to-device (D2D) communications. As more and more new mobile multimedia rich services are becoming available to larger audiences, there is an ever increasing demand for higher data rate wireless access. Wireless D2D communication is a promising technology to improve user experience and optimise resource utilisation in cellular networks. These benefits are achieved by enabling two or more mobile devices in the proximity of each other to establish a direct local link bypassing the base station or the access point.
Significant progress has been made since the introduction of this technology a few years ago. On the other hand, many research challenges still exist for such a new wireless communication paradigm, for example, how to share resources dynamically (e.g. spectrum and energy) between cellular communication and ad hoc D2D communication to accommodate larger volumes of traffic, how to ensure Quality of Service (QoS) to end users, etc. Other challenges include: discovery of services for D2D communication; radio resource allocation and resource management; self-organization of direct links; proximity-based offloading, and capacity enhancement as well as performance evaluation.
The future D2D networks cannot operate efficiently unless these and other relevant challenges are properly addressed. The purpose of this special issue is to address research advances that enable D2D communication in cellular networks, and to report on the state-of-the-art contributions in this area. We are grateful to the overwhelming interest and support from the community, as we received a large body of excellent contributions. Out of the twenty-eight submissions to this special issue, we have selected nine outstanding papers that we believe represent the state-of-art in the device to device communication area. The papers are organised into three groups: two papers on channel coding and signal processing algorithms, seven papers on resource management and scheduling, and five papers on new services and applications.
Channel coding and signal processing algorithms
The first group addresses channel coding and signal processing algorithms for the physical layer. The first of these two papers, written by Xiang et al., presents an overview of the state-of-the-art D2D communication on channel measurements and modeling. The future trends and research directions are also comprehensively discussed. The work in this paper will facilitate system design and optimisation in channel-oriented D2D communication. The second paper, by Zhang et al., presents a sub-block tracking based equalization technique for orthogonal frequency division multiplexing (OFDM) based D2D communications in high mobility environments. By partitioning an OFDM block into several sub-blocks and rendering that the channel response of each sub-block is time-invariant, one can equalise the partitioned sub-block by a single tap. Both theoretical analysis and simulation results demonstrate that the merits of the proposed scheme in high mobility D2D environments.
Resource management and scheduling
The second group mainly investigates multiple access control (MAC) and network layer resource allocation and scheduling issues. The first paper in this group, written by Dai et al., studies the spectrum sharing problems in heterogeneous D2D networks where different D2D users coexist with the cellular users. A scheme called spectrum partition based D2D transmission is proposed to improve the spectrum efficiency of the D2D and cellular networks. Simulation results are reported to show evident performance gains of the proposed scheme. The second paper, written by Wang et al., exploits historical social interaction information of mobile users for a D2D link setup and resource allocation. It develops a contact time model to characterise the D2D links such that only those D2D links with sufficiently long contact time may be considered for a D2D link setup and resource allocation. This work demonstrates that sociality-aware allocation, compared to sociality-unaware schemes, can achieve better performance. The third paper, by Zheng et al., studies dynamic resource allocation for D2D communication. The authors propose a service time prediction based dynamic resource allocation mechanism. The simulation results show that the proposed mechanism can significantly improve the system performance.
The paper, by Kang et al., focuses on link scheduling in D2D networks. The authors propose distributed link scheduling schemes based on a recently proposed D2D communication technology, FlashLinQ. To deal with the inefficiency of resource reuse in FlashLinQ, two new link scheduling schemes based on binary matrix on-off interference map are designed. The performance enhancement over conventional schemes is demonstrated through simulations. Another paper, by Zhou et al., considers the network-controlled D2D multicast with network coding. It proposes a user-specific bit mapping algorithm to make different information with a different equivalent coding rate before performing network-coded. A corresponding user-specific link adaptation scheme is proposed to adaptively choose an optimal modulation and coding scheme for D2D multicast. Numerical results show that the user-specific link adaptation scheme can improve the capacity performance of network controlled D2D multicast. The sixth paper of this group, by Zhou et al., considers the Spectral Efficiency (SE) and the Energy Efficiency (EE) problems in D2D networks. The target is to maximize each User Equipment's EE in an interference-limited environment subject to its specific QoS and maximum transmission power constraints (i.e., EE). The problem is formulated and solved within the framework of non-cooperative game. The tradeoff between EE and SE is analysed and closed-form expressions are also derived. The seventh paper, written by Chen et al., concentrates on user-centric relay assisted D2D communications. A Vickrey-Clarke-Groves auction based relay allocation mechanism (ARM) is proposed. The work is also extended to a general case and a general ARM. Extensive simulation results show the efficiency and effectiveness of the proposed mechanisms.
New services and applications
The third group explores new services and applications of D2D communication. The first paper, written by Chu et al., investigates robust secrecy rate optimisation for multiple input and single output (MISO) secrecy channel with multiple D2D communications. Two robust secrecy rate optimisation problems, one for robust power minimisation and the other for robust secrecy rate maximization are discussed. Simulation results are provided to validate the performance gains. The second paper, by Li et al., proposes a new model for analysing the multi-hop delay of safety-related message broadcasting in V2V communications, taking into account actual traffic factors. A new scheme is proposed to reduce multi-hop delay by tracking the optimal one-hop transmission range and it was validated by simulations using realistic vehicular traces. The third paper, by Sun et al., reviews the standardisation progress of D2D in 3GPP Release 12. Three scenarios, in-coverage, partial-coverage and out-of-coverage, are defined. For these scenarios, channel models are obtained by an amendment to existing channel models. Centralised, distributed and hybrid synchronisation procedures are introduced. The design aspects of D2D discovery and communication are discussed in detail. Possible future work toward post releases is also briefly outlined. The fourth paper, by Xi et al., proposes an efficient hybrid data collection scheme for the machine nodes in hierarchical smart building networks. These concerned nodes can form clusters via distributed methods. The corresponding resource allocation scheme can be realised easily. This cooperative scheme can reduce the signaling overhead and meanwhile enhance the delay or security performance. The last paper, written by Kwak et al., designs a service-oriented networking platform to offer dynamic networking services in supporting mobile group communications among connected smart devices. The proposed platform adopts a session initiation protocol (SIP) protocol as the service signaling protocol that provides high extensibility and compatibility. Also, the quality of end-to-end service is guaranteed by a virtue smart delivery scheme in the platform.
Summary
In summary, this special issue offers a comprehensive review of recent advances in the area of wireless D2D communication and networks, exposes and addresses the research challenges in physical, MAC as well as application layers. The special issue will serve as a good reference for the academic community for future research ideas, and in the meantime provide valuable concepts and directions for future standardisation and commercialisation in the industry.
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